Biomass Quality and Combustion:
Not All Biomass is Equal
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Agenda

* Quantity
— How much is available?

— Where is it at?

* Quality
— Survey on sample properties
— Impact on conversion limitations

* Impact to current business
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Wisconsin Biomass Numbers

Woody resources

Biomass Type / Estimate methodology Million Dry Tons/
year

Roundwood
Acres of Forestland — 0.5 ton/yr/acre (d.b.) 8.14
TPO Roundwood 6.21
Wood Residuals
TPO Harvest residuals 1.52
TPO Roundwood — 15% 1.29
BTS Woody residuals@5$40/ton (d.b.) 1.05
Energy Crops

@ BTS Woody@5$60/ton (d.b.) 2.29
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Wisconsin Biomass Numbers

Herbaceous resources

Biomass Type / Estimate methodology Million Dry Tons/
year

Corn Stover Estimates

NASS Data 2.81

BTS Data@$60/ton (d.b.) 2.49
Energy Crops

BTS Grasses@5$80/ton (d.b.) 0.15

WBA Fallow Hay/CRP 3.13
Manure

@ NASS Dairy 4.77

BIOENERGY



Roundwood Harvested

* Using TPO
roundwood data

e Existing market for¢
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Wood Residuals

* Using TPO

* Does not
consider
economics
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Wood Energy Crop

* Using BTS
data

* Future
Project
Average of
Baseline

case at S60/
ton

BIOENERGY

Barron

Bayfield

Savgyer

St. Croix

Pierce

b
3 (ton/mi2) by County

200

100

Oconto

(ewaunee

®Madls?n

H

Waukesha

©M|Iwaukee

Lafayette f

Dane :Jefferson
i hwaukee
3 . =




Corn Stover Distribution
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Switchgrass Fallow/CRP land
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Atlas
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Manure Distribution

* Using NASS
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data for
dairy cows
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Biomass Opportunities
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Quality - Biomass Analyses

* Proximate Analysis
— Moistures, Volatile Matter, Fixed Carbon, Ash

* Heating Value
* Ultimate Analysis
-C H,N,O,S
* Cl, Hg, Mineral Ash Analysis
* Crude Protein
e Carbohydrate
Lignin
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Biomass Samples
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Douglas

Barron
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L Suppliers. A]i rights resened. .

Sample Category Description
Number
H Ontonagon Baraga
1 Woody Industrial Pellet - 80% Hardwood (debarked), 20% recycled ag. plastic
Bayfield
) i 2 Woody Industrial Pellet 90% Hardwood (debarked), 10% recycled ag. Plastic
Gogebic Marguette )
i3 Woody Premium Wood Pellet Fuel
4 Woody Premium Wood Pellet Fuel
viles Dickinson 5 Woody Premium Wood Pellet Fuel
L 6 Woody Wood chips - Mixed softwoods
i Washburn Sawyer
Az 7 Woody Wood chips - Mixed hardwoods
B 8 Woody Hardwood hog fuel - primarily bark waste
9 Woody Wood chips - Mixed hardwoods
10 Woody Wood - Locust (whole tree)
Lincoln 11 Woody Wood - Pine (whole tree - high amount of needles)
Langlade
UL 12 Woody Wood - Maple (whole tree)
‘ 13 Woody Mixed hardwood (whole tree)
Menominee o
i : Ocorto Door 14 Woody Mixed softwood (red & white pine)
15 Woody Municipal Tree Trimmings
i Shawano
£ 16 Woody Woody Biomass, Whole tree
Tmicar : @ < 17 Herbaceous Switchgrass Pellets
Wood WRENEEE mwn@ 18 Herbaceous Switchgrass Pellets
Jackson o 19 Herbaceous Switchgrass
. 20 Herbaceous Switchgrass
]
: 4 Waushara Herbaceous Briquetted corn stover
i N Adams
§ duneau < o Herbaceous Corn stover
N Herbaceous Corn stover
Houston ” i Herbaceous Ditch grass bale 1
- 25 Herbaceous Ditch grass bale 2
Richland £ Sauk ] S 26 Herbaceous Ditch grass bale 3
: e ' 27 Herbaceous Big Bluestem Pellets
T Herbaceous Miscanthus stalks
29 Herbaceous Miscanthus stalks
Waukesha
Miwaukee 30 Other Industrial pellet made from paper mill sludge, waste paper, film waste
: Other Distiller's Grains - Ethanol Plant A
Lafayette (51752 17 127) Walwerth 4 Other Distiller's Grains - Ethanol Plant B
B § Erwme : i Ken Other Manure briquette - Dried & densified manure, bedding, and sawdust
P ; Jo Daviess : Uiwinneb: i ; Lake X . X .
; ; \ | Stephenson e {Boone:  McHenry 34 Other Manure briquette - Dried & densified manure, bedding, and sawdust
35 Other Manure & sawdust bedding



ldentified Thermal Conversion Issues

Fuel Characteristic unit Woody Herbaceous Other?
Moisture (% wt wb) 2.74% - 49.94% 2.45% - 18.32% 6.96% - 28.62%
LHV Btu/lb 3200 - 8946 5926 - 6923 5019 - 8145

N <25000 ppm db 200 - 10200 3700 - 15500 250042700
S <1000 ppm db 110 - 670
cl <1000 ppm db 19-617
o on e G emew e
Fouling Index <0.8 Ib alkali/MMBtu 0099 - 1471 0227 - 1919 0314 -1482
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a0ther includes DDG, manure, and plastic/sludge samples



Sulfur (ppm db)
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Samples with high sulfur
-Corn stover, “dirty” herbaceous samples
- Paper sludge/plastic, DDGS, Manure
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Chlorine (ppm db)
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Samples with high chlorine
-Corn stover, DDGS, Manure, Ditch grass

Herbaceous samples with low chlorine
- grown on land with low fertilizer input
- Switchgrass, Big blue stem, Miscanthus
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Quality Summary

* Link known technologies with Biomass based on
guantity

* Thermochemical 2 Woody & Woody Residuals
— Combustion
— Gasification

* Biological > Herbaceous & Herbaceous
Residuals

— Fermentation
— Anaerobic digestion

o
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Impact to Existing Industry

O Industrial fuehwood HMiscellanecus

* Most developed -
biomass industry is
forest products

* Wisconsin has a
large pulp & paper
industry

i W h a t WO U I d t h e T e 1e22 ‘9945”? year‘i@ﬁ N 1000 2003
i m p a Ct Of i n C re a S e d Figure 3 —Wisconsin indusirial roundwood production by roundwood category and year.

woody biomass
Y
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Source: Wisconsin Timber Industry: An Assessment of Timber Product
Output and Use in 2003. http://nrs.fs.fed.us/pubs/rb/rb_nrs19.pdf
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Forest Products — Supply/Demand
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Data

e State and 3 regions

— region 1: South; region 2:
NE; region 3: NW

* Pulpwood

— Annual production and price
data over 1996-2008

— Quantity: Northern Research
Station, NFS

— Price: Timber Mart
North© Price Report

— Demand : Pulp mill capacity
@ (Lockwood Post Annual
Directory)
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Pulpwood Production, Delivered Price and Pulp Mill
Capacity (Normalized) in WI (1996-2011)
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Wood Residuals
Supply/Demand Analysis
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Impact on NE Region Pulpwood Market
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Impact on NW Region Pulpwood Market
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Conclusions

* Wisconsin has a large amount of biomass available
for bioenergy projects

* Pockets of high density biomass create opportunities
for aggregation

* Woody biomass is only source tested to consistently
have quality needed for thermal conversion

* With a developed forest products industry only
wood residuals can be used without impacting
regional wood prices

— NE region of WI - 1 plants at 200,000 ton/year each

BIOENERGY

@ — NW region of WI - 2 plants at 200,000 ton/year each



Opportunities

 Other opportunities for thermal biomass

* Southern region — small thermal/larger
aggregation areas

* Enhance quality of herbaceous material
— Improved harvesting

— Leaching technologies
e Use Short Rotation Woody crops
* Increase productivity of WI forest

@ — 16.3 million acres
— Produce > 0.4 ton/acre/year

BIOENERGY



Acknowledgements

* Project being
funded through:

— Wisconsin State
Energy Office

— Wisconsin
Bioenergy
Initiative

BIOENERGY

o

BIOENERGY



Troy Runge
trunge@whbi.wisc.edu

BIOENERGY

' \1 1 |
“"\\ | ' /! 5 \l ‘ // /( \
NN VAV A !/// "\




